We compile and analyze detailed information on the debt structure and interest rate derivative positions of nonfinancial firms in 2000 and 2002. We find that differences in debt structure across firms and time tend to be counterbalanced by differences in derivative positions. In particular, among derivative users, smaller firms tend to have relatively more interest rate exposure from liabilities than larger firms and tend to use derivatives that offset these exposures. Larger firms also tend to limit their interest rate exposures, but they do so through their choice of debt structure rather than with derivatives. On the other hand, we find that a large fraction of the change in derivative positions over time cannot be explained by changes in debt structure. Finally, we find no evidence that nonfinancial firms hedge interest rate exposures from their operating assets, but do not see this as supporting the hypothesis that firms use derivatives to speculate.
I. Introduction
While the use of interest rate derivatives has grown substantially over the past few decades, recent research has questioned their importance and their efficacy in the risk management toolbox of nonfinancial firms. In particular, Guay and Kothari (2003) argue that derivative positions are generally too small to meaningfully affect firm value,
whereas Faulkender (2004) shows that firms in the chemicals industry appear to use interest rate derivatives to speculate rather than to hedge. These recent findings go against the grain of most of the early empirical research on derivative use, which attempted to infer why firms hedge risks -beginning with the identifying assumption that derivative use is an indicator of the propensity to hedge. 1 Our paper takes a closer look at how interest rate derivatives are used by nonfinancial corporations, both large and small, by examining the relationship between derivative positions and risk exposures. Our data set consists of detailed information on interest rate derivative positions of more than 500 nonfinancial corporations we identify as having positions in 2000 or 2002. These data allow us to focus on the relationship between a firm's derivative position and the structure of its debt and directly test whether firms hedge the interest rate exposures from their liabilities. We also gauge the relationship between derivative positions and the interest rate sensitivity of operating cash flows before interest expense, in order to test whether firms hedge exposures from their operating assets.
Our findings provide a nuanced view of the role played by interest rate derivatives in hedging interest rate exposures from the liability side of the balance sheet. Crosstabulations on firms with derivative positions show that, compared to larger higher-rated firms, the smaller and lower-rated firms have substantially greater interest rate risk exposure from short-term and floating-rate debt. In some sense, this comparison of debt structures is a recalibration of the widely-cited empirical finding that small low-rated firms are more reliant on short-term debt (e.g. Barclay and Smith, 1995; Guedes and Opler, 1996) ; however, our measure of debt structure facilitates the comparison of interest-rate risk exposures.
This cross-sectional pattern of debt structure has been rationalized by the financial contracting literature. For instance, Flannery (1986) argues that informationally opaque (small, lower-rated) firms are induced to borrow short-term to signal private information about credit quality. Diamond (1991) suggests that young firms are relegated to borrow from banks due to reputational concerns. Since banks tend to lend short-term and at floating interest rates, this implies --all else the same --less mature firms would tend to have higher exposures to interest rate risk.
At the same time, we find that the smaller and lower-rated firms tend to have interest-rate derivative positions that counterbalance their greater liability-generated interest-rate exposures, as predicted by Titman (1992) . Indeed, after accounting for derivatives, the "net interest-rate exposures" of small and large firms tend to be similar and relatively modest. This suggests that small firms limit their interest rate exposure with derivatives, whereas large firms do so by financing with long-term fixed-rate debt.
Our regression analysis confirms, more broadly, that differences in debt structure across firms and time tend to be counterbalanced by differences in derivative positions --further evidence that derivatives are used to hedge.
The finding that small firms tend to hedge their greater exposure to interest rate risk is consistent with the theory of Froot, Scharfstein, and Stein (1993) , which suggests that derivatives can reduce average financing costs by reducing fluctuations in the demand for external financing, particularly for informationally opaque firms. The finding that firms of all sizes seem to limit their interest rate exposure--smaller firms with derivatives and larger firms with their debt structure--is consistent with a number of theories that argue firm value is enhanced by a reduction in cash flow/income volatility.
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A few other studies have explored the link between interest rate derivatives and debt structure. Graham and Rogers (2002) analyzed the magnitude of derivative positions and finds that firms appear to use foreign exchange and interest rate derivatives to increase debt capacity, and Visvanathan (1998) finds that long-term debt and leverage 2 These theories include Froot, Scharfstein, and Stein's (1993) theory just discussed. In addition, firms may have an incentive to lower expected distress costs and allow greater leverage (thus greater tax benefits), as discussed in Smith and Stultz (1995) ; they also suggest the potential incentive to lower income volatility that derives from the convexity of the tax structure or managerial risk aversion. Finally, managers may hedge to more precisely convey private information about their ability (as in Breeden and Viswanathan 1998), or about the firm (as in DeMarzo and Duffie 1991). appear to induce firms to swap interest payments from fixed to floating rates. Our analysis goes beyond these studies by constructing a derivative position measure that gauges both magnitude and direction of the position, and by linking this to the size of interest rate exposure from liabilities.
Turning to the asset side of the balance sheet, we find no evidence that nonfinancial firms hedge the interest rate exposures from their operating assets, consistent with Faulkender (2005) . However, our analysis suggests these results may reflect the fact that operating exposures are difficult to measure --not just for the econometrician but also for the firms themselves. More generally, it seems logical that firms use derivatives to hedge only those exposures that they can reliably measure. In the case of interest rates, the measurable exposures appear to be from liabilities rather than assets. This view is consistent with Allayannis and Ofek's (2001) finding that firms appear to use currency derivatives to hedge exchange rate exposures, as firms can gauge these exposures as relatively simple functions of expected foreign sales and trade.
The paper proceeds as follows. In Section II, we discuss our data sources and variable construction, including the identification of interest rate derivative users and the measurement of derivative positions. Section III presents a nonparametric analysis of underlying interest rate risk exposures and provides broad evidence of hedging. Section IV presents the results of regression analysis of firm-level derivative positions. Section V concludes.
II. Data Sources and Construction of Key Variables

Data on Derivative Use
Information on interest rate derivative positions was gathered on a sample of over 3000 publicly traded nonfinancial corporations using Compact Disclosure, Edgar and Compustat. Our broadest universe of firms satisfied the following: (i) the firm had at least $100 million in total assets and is not a subsidiary; (ii) the firm's primary SIC is the interest rate derivatives that firms reported using fell into one three categories: swaps, caps, or collars.
3 If available, we record a firm's outstanding notional amounts of payfloating and pay-fixed swaps or, if not, its net swap position (or, if not, the direction of the net position). We also record the notional amount of any interest rate caps or collars.
As shown by the bottom row in Table 1, show that the positive relation between a firm's size and its propensity to use derivatives, exhibited in previous studies, is evident here as well. On average over the two years, roughly half of the "large" firms in our sample, those with over $5 billion in assets, report using interest rate derivatives. This propensity drops to less than 15 percent among the small firms, those with under $1 billion (but at least $100 million) in assets. Not surprisingly, derivative users account for a greater than proportionate amount of the outstanding debt. For instance, users accounted for 24 percent of the small-firm debt (in 2002), and 71 percent of the large-firm debt. 
Measuring Interest Rate Risk Exposures a. Interest-rate risk from debt
Using data from Compustat and firm 10-K's, we construct a dichotomous measure of each firm's debt structure analogous to our measure of derivative positions.
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We divide a firm's debt into two categories, (i) fixed-rate long-term debt and (ii) floatingrate debt. The latter category includes all debt with market-sensitive interest payments, which create cash flow risk that firms might wish to hedge (with pay-fixed swaps). In particular, floating-rate debt is measured as the sum of debt due within a year (debt in current liabilities) and long-term floating rate debt (floating-rate debt with maturity greater than a year). Thus, fixed-rate debt is defined as long-term debt minus long-term floating-rate debt.
While not obvious at first blush, this dichotomy of corporate debt into variablerate and fixed-rate debt is not very different from the dichotomy one might use for testing theories of optimal debt maturity. Those theories analyze the optimal borrowing horizon from an agency perspective, in which the key concern is the frequency over which the creditor can adjust the credit spread. The potential mismatch between these two dichotomies owes to the presence of "long-term" floating-rate debt. Much of that debt is actually bank loans, where "term" is an ambiguous concept. While treated as long-term from an accounting perspective, bank loan contracts tend to leave lender and borrower substantial flexibility to terminate or renegotiate key terms before the maturity date.
Indeed, Barclay and Smith (1995) argue that call provisions, prepayment options, and affirmative covenants can result in effective maturities that are significantly less than stated maturities. Thus, we think of long-term floating-rate debt (and thus our measure of total floating-rate debt) as more akin to short-term debt from an agency perspective.
b. Interest-rate risk from assets (operating earnings)
Unlike the interest rate risk from the firm's debt, interest rate risk arising from the operations of nonfinancial firms --the relationship between operating cash flows with interest rates --is normally unobservable and must be estimated (both by us and by the firm). To do so, we extract from Compustat for our sample of firms the annual values of operating earnings before interest and depreciation (EBITD) and end-of-year assets (A), from 1983 to 2002 or to the extent available. Importantly, this measure of earnings from operations excludes debt service (and net payments from interest rate derivatives). We estimate the following regression:
where r t is the average value of the LIBOR interest rate during fiscal year t.
In this regression, a 0i is a constant, β i measures the sensitivity of operating earnings, scaled by book value assets, to market interest rates, and e i is the random component of project returns uncorrelated with the risk-free rate. A time trend is included in order to guard against spurious inference that could arise if independent trends existed in both interest rates and a firm's operating profitability over the estimation period. Such a precaution seems important in light of the fact that interest rates have generally trended downward over the period since the early 1980s.
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For many firms, the annual data is not available for 20 years; and in some cases, we only have the data for a handful of years. To compensate for this, we also estimate interest-rate betas at the 3-digit SIC industry-level using analogous regressions in which all firms in a given industry are pooled into a single regression, run separately for each 3-digit industry. In those cases where the firm-level beta is estimated with 15 observations or fewer (317 of 723 firms), the industry-level estimate is used in its place. 6 A variation on this specification that would be closer in spirit to the framework of Froot, Scharfstein, and Stein (1993) would have operating earnings net of optimal investment, (EBITD i -I * i )/A i , as the dependent variable. However, we only observe actual, rather than desired, investment; and the discrepancy between actual and optimal investment is presumably influenced by interest rates, absent complete hedging. 7 As it turns out, substituting the industry-level interest-rate betas has no measurable effect on the results.
III. Descriptive Analysis of Interest Rate Exposures
This section examines the variation in interest rate exposures that arise from liabilities and assets for broad groupings of firms by size and rating. In addition, we explore whether the broad pattern of interest rate risk exposures and derivative positions is consistent with firms using derivatives to hedge. In short, we find that, among users of derivatives, smaller firms tend to have the most substantial interest rate exposures from liabilities and are also most prone to use swaps to reduce interest rate exposure.
8 In contrast, we find no measurable differences across size groups in the interest rate exposures from assets.
Interest Rate Exposure from Liabilities
As shown in figure 1a, among derivative users (shown by the dark bars), smaller firms tend to have much more floating-rate debt as a fraction of assets compared to large firms. The median floating-rate debt ratio in 2000 was about 14 percent for large users, 20 percent for medium-sized users, and 26 percent for small users. In fact, the average ratio for the medium group is significantly different from that of the other two groups at the 95 percent confidence level. In contrast, as shown by the light bars, most firms that do not use derivatives ("nonusers") have comparatively little floating rate debt, irrespective of size. Median floating rate debt-to-asset ratios for large, medium, and small nonusers were only about 5 percent in 2000.
Another interesting and related grouping is by credit rating. As shown by the dark bars in figure 1b , the lower-rated and unrated derivative users tend to have the most floating rate debt. In particular, the median floating rate debt-to-asset ratio for users rated A (and above) was only 10 percent in 2000, and for users rated BBB was 17 percent. In contrast, the median ratio for users rated BB and below was 30 percent, and for unrated users it was 24 percent. The light bars again highlight the relative paucity of floating rate debt among nonusers, except in the case of A-rated firms, where there is little difference between users and nonusers.
These cross-sectional patterns of floating rate debt use can be rationalized by the literature on financial intermediation. Since banks tend to lend short-term and at variable interest rates, our finding that small, or low-rated, derivative users have larger floating rate debt-to-asset ratios than the other groups of firms is consistent with them being more reliant on banks for financing. This would suggest that it is for these firms that interest rate derivatives should have their greatest utility as instruments for hedging. 
Exposures from Liabilities Net of Swaps
A simple way to assess the broad pattern of interest rate derivative usage is to examine how swap positions affect the pattern of net interest rate exposures arising from liabilities. We measure net exposures as the sum of floating-rate debt outstanding and the reported notional value of pay-floating swaps (the negative of notional pay-fixed swaps).
As shown in Figure 2a , netting out derivative positions reduces the median interest rate exposure among large users in 2000 only marginally, from 11 percent to 9 percent. In contrast, derivatives lowered the median interest rate exposure of medium-sized users from about 20 to 10 percent. The largest impact of swaps on net exposures is among the small users, where netting swap positions produces a drop in this measure of median interest rate exposure from 27 to 13 percent. In contrast to the floating-rate debt ratios, the average net exposure for each size group is not significantly different from that of the other groups.
Chart 2b shows the analogous statistics on net floating-rate debt exposures for firms grouped by broad credit rating category. As shown, derivatives have almost no impact on the median net interest rate exposure of the highest-rated firms. In contrast, the median net exposure of firms rated BB or below was reduced from 30 to 14 percent while that for unrated firms was reduced from 23 to 11 percent. Thus, the broad pattern of derivative use appears consistent with the idea that firms that are more reliant on floating-rate debt generally use interest rate derivatives to offset their higher exposures to floating-rate liabilities. Indeed, after taking account of derivative positions, the average net interest rate exposure is pretty much equalized across groups.
To complete the comparison of debt structures, Chart 3a plots the median ratio of fixed-rate (long-term) debt to assets in 2000, by size group. This debt ratio is about 20 percent for large users, 16 percent for medium-sized users and only 5 percent for small 9 Large firms may find it more efficient to access the corporate bond market than smaller firms, the primary source of fixed-rate long-term debt, perhaps because of the fixed costs associated with bond issuance (e.g., rating and investment-banking fees). Among firms with credit ratings, higher-rated firms may also find the corporate bond market more accessible, if such firms are less prone to "information problems." Asymmetric information is traditionally cited as the reason for why banks (i.e., monitoring lenders) exist.
users. Interestingly, as shown by the light bars, the median fixed-rate debt ratio for nonusers is quite similar to that for users in the same size group. As shown in Chart 3b, the similarity between users and nonusers also holds up when firms are broken out by broad ratings group.
Indeed, that there is little difference between the fixed-rate debt ratios of users versus nonusers stands in sharp contrast to the sizable differences that show up in the pattern of floating-rate debt ratios. On the face of it, these results point to a plausible refinement a key result in Graham and Rogers (2002) , who conclude that using derivatives allows firms to boost their leverage. Our finer parsing of the data indicates, more specifically, that the use of derivatives by nonfinancial firms allows them to use more floating-rate debt in particular. Indeed, putting it all together, our data suggest that large firms tend to limit their interest rate exposure by using fixed-rate long-term debt (instead of floating-rate debt), whereas small firms appear to rely on derivatives to offset sizeable interest rate risk exposures from floating-rate debt.
Changes in Exposures from Liabilities
Further insight into the use of interest rate derivatives is gained by examining Apparently, firms exhibited a propensity to offset, or hedge, the reductions in their floating rate debt with a shift towards pay-floating swaps. 10 Thus, it would appear that, both in the cross-section as well as over time, interest rate derivatives were used to produce a convergence in interest-rate exposures, perhaps toward some optimum level determined by other factors.
Interest-Rate Rate Exposures from Assets
Before turning to the regression analysis, we examine the cross-sectional pattern of interest sensitivity of firm operating earnings (before interest) as reflected in our interest-rate beta estimates. The first row of Table 4a interest-rate beta of 1.0 were to try to fully offset that estimated exposure with payfloating swaps (or floating-rate debt), it would need swaps with a notional value equal to the value of total assets (or a floating-rate debt-to-asset ratio of 1.0). Table 4b shows the distribution of firm-level betas for each of the three size categories. 12 The medians of all three distributions are quite close, ranging from 0.11 to 0.21, while their inter-quartile ranges are also remarkably similar. Clearly, in this simple univariate comparison, there is no obvious difference in the interest rate betas across size groups that might explain the pattern of swaps (or floating-rate debt) usage across those groups. In the next section of this paper, we test the relationship formally by including the betas as explanatory variables in firm-level regressions of swap positions.
IV. Regression Analysis of Hedging
This section presents results from regression analysis of the determinants of firmlevel swap positions, defined as the notional value of pay floating swaps less pay fixed swaps (over assets). Regressions include only firms that actually have interest rate derivatives (in the given year); thus, the effects can be interpreted as being conditioned on the firm having made the choice to use derivatives. All regressions are estimated using "robust" regression techniques, which limit the impact of outliers on the coefficient estimates.
Cross-Sectional Regressions
Our benchmark specification for 2000 is shown in the first column of Table 5 .
Here, the notional value of swaps (as a fraction of assets) is regressed on the firm's 2000 floating rate debt (as a fraction of assets) and the firm's estimated interest rate beta.
The coefficient on the floating rate debt ratio is -0.46, with a standard error of only 0.03, while the constant and the coefficient on the interest rate beta are both near zero and insignificant. The coefficients imply that, on average, firms tended to eliminate about half of the (above-average) floating-rate interest risk arising from their liabilities. On the other hand, they did not hedge the interest rate risk in their operating earnings.
The next two specifications demonstrate the robustness of these results. In the second column, we treat floating-rate debt as endogenous and instrument with some-firmlevel financial variables: log of total assets, R&D to sales ratio, book-to-market value ratio, total debt-to-assets, a dividend-payer dummy, and dummy variables for broad rating group (A, BBB, and BB). The IV approach addresses the potential endogeneity of debt structure choice with respect to the choice of derivative position. As shown in the second column, the results are nearly identical when we instrument for the firm's floating rate debt to asset ratio.
The third specification augments the first specification by adding the firm's fixedrate debt-to-asset ratio. Under the hypothesis that firms use interest-rate derivatives to hedge the interest-rate risk in their income or cash flow, the firm's fixed-rate debt would have no marginal explanatory power for swap positions. Indeed, we find that swap positions were not statistically related to fixed-rate debt in 2000.
The last three specifications in Table 5 repeat these regressions for 2002. In short, the results are mostly similar to those obtained using the 2000 data. The only notable difference is that, in the final specification, the coefficient on the firm's fixed-rate debt ratio in 2002 is 0.25 and significant. In addition, the coefficient on the interest-rate beta in this last specification is significant at the 5 percent level but still quite small.
The finding that firms boosted pay-floating swaps (reduced pay-fixed swaps)
about 25 cents for every extra dollar of fixed-rate debt on their balance sheets in 2002 does not comport with the basic model of hedging implicit in our analysis. We have assumed up to this point that floating-rate debt ratios and cash-flow betas should be sufficient for explaining swap positions, which is what we find in 2000. One plausible interpretation is that more highly leveraged firms (those with more fixed-rate debt, holding floating-rate debt constant) were more prone to speculate on interest rates in order to reduce near-term interest expenses.
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To examine which firms tend to use swaps to hedge, we estimate four additional swap regressions, the results from which are shown in Table 6 . In these regressions, the slope coefficient on floating-rate debt is allowed to vary across size groups. The first specification includes four independent variables: the interest rate beta and the floating rate debt ratio (in 2000) interacted with each of the three size-group dummies. As shown, the coefficients on small and medium firm floating-rate debt ratios are -0.45 and -0.42, respectively, both significant at the 1 percent level. In contrast, the coefficient on the large firm interaction is small and insignificant. This suggests that small and medium firms had a high propensity to hedge their interest-rate exposures in 2000, but large firms did not appear to be hedging the differences in their floating-rate liabilities.
The second specification augments the first by including group-level effects off firm fixed-rate debt. The group-level coefficients on floating-rate debt are largely unaffected, while the size-group coefficients on fixed rate debt are near zero and insignificant.
The results are somewhat different in 2002. The coefficients on the small, medium, and large firm interactions are -0.56, -0.34, and -0.24, respectively, and all three are significantly different from zero at the 1 percent level. Similar to 2000, the propensity to hedge floating liabilities with swaps is greatest for smaller firms, though here there is also evidence of hedging by large firms, albeit to a lesser degree. As shown in the fourth column, allowing for size-specific coefficients on fixed-rate debt ratio interactions does not qualitatively change the floating-rate debt coefficients. However, all three fixed rate debt ratio interactions are significant. This suggests that whatever is driving firms to swap fixed debt to floating in 2002 is pervasive across all size categories.
Regressions Explaining Changes in Swap Positions
Our final perspective on how derivative users employ these instruments comes from examining the extent to which changes in firm swap positions between 2000 and 2002 were related to changes in firm debt structure. This approach has the advantage of reducing potential omitted variables bias, by removing unobservable firm characteristics (fixed effects) such as the interest-rate sensitivity of operating earnings, which in the cross-section would be correlated with the firm's desired position.
The first two specifications, shown in table 7, are estimated on those firms that were users in both 2000 and 2002. As shown in column 1, the change in floating rate debt-to-assets ratio has a coefficient of -0.18, which is statistically significant. However, this coefficient is quite a bit smaller than that in the cross-sectional regressions, while the R-squared is substantially lower. In the second specification, the slope coefficient on floating-rate debt is allowed to vary across firm size category. In contrast to crosssectional results, here it appears that the medium and large firms, but not the small firms, use changes in swap positions to hedge changes in floating-rate debt. The third and final regression applies the same specification, but on the complementary subset of firms --those that were users in one year but not in the other year. Here, we find stronger evidence that firms hedge changes in debt structure; moreover, similar to the crosssectional results, the largest coefficient is on floating-rate debt of the smaller firms. 
V. Conclusion
Focusing on nonfinancial derivative users, we find that smaller lower-rated firms tend to have greater interest rate exposures from their liabilities than larger firms, but that this extra exposure tends to be offset by larger positions in pay-fixed swaps. Indeed, after accounting for derivatives, the net interest-rate exposures of small and large firms that arise from liabilities and derivatives are much more similar and for the most part reasonably modest. Cross-sectional regressions confirm more generally this propensity for firms to have derivative positions that offset a large fraction of the differences in their interest rate exposure from liabilities. Evidence for hedging behavior is somewhat weaker when we look at changes in derivative positions. Finally, there is no evidence to suggest that derivatives are systematically used to offset interest rate exposures from operating assets, although errors in estimates of operating exposures limit the power to test this. Table 4 Distribution of Interest Rate Risk Exposures for Users *Floating debt / Assets is equal to short-term debt plus long-term floating rate debt over assets. **Interest rate beta is estimated coefficient from firm level or 3 digit SIC industry regression of OIBDP / Assets on 3-month LIBOR rate. 1. FLD/A is instrumented with beta, leverage ratio, log of total assets, R&D to sales ratio, book-to-market value ratio, dividend dummy, and rating dummies for A, BBB, and BB. 
Const. * denotes significant for p-value of 0.05. ** denotes significant for p-value of 0.01. The dependant variable is the notional value of pay-floating interest rate (IR) swaps minus the notional value of pay-fixed IR swaps, caps and collars, as a percent of total assets. 
